A hitherto unrecognized Paleogene outcrop has been discovered at Sylfjellet, a mountain located at the northern side of Isfjorden, Svalbard. The strata, which cover an area of 0.8 km 2 , have until now been assigned to the Lower Cretaceous succession of the Adventdalen Group. In this study, the Sylfjellet site was studied in detail to provide an updated structural and sedimentological description of strata and lithostratigraphy. The age and burial history of the investigated succession were constrained by absolute (U/PB) and relative dating methods in addition to vitrinite reflectance analyses of coal seams. The results show a Paleogene age of the deposits, which is supported by the occurrence of an angiosperm pollen grain, plant macrofossils, and a tephra layer of early Selandian age (61.53 Ma). The 250 m-thick succession of Sylfjellet is assigned to the Firkanten, Basilika and Grumantbyen formations. This succession unconformably overlies the Lower Cretaceous Helvetiafjellet Formation. Sylfjellet is incorporated into the West Spitsbergen Fold-and-Thrust Belt and interpreted to be a fourth structural outlier of the Van Mijenfjorden Group. Vitrinite reflectance data indicate that at least 2000 m overburden has been eroded above the Sylfjellet coal seams, and that maximum burial of the strata predates folding and thrusting in the area.
Introduction
The mountain Sylfjellet is incorporated into the West Spitsbergen Fold-and-Thrust Belt (WSFTB; [1] ) on central to western Spitsbergen, the largest island of the Svalbard archipelago. The mountain forms a characteristic double peak with the highest peak Syltoppen at 680 m above sea level (masl), and lies within the panoramic view of Longyearbyen, the Norwegian main settlement of Svalbard ( Fig. 1) .
In one of the first geological maps of Spitsbergen, the topmost strata at Sylfjellet are assigned to the Jurassic [2] . All subsequently published geological maps assign the strata Electronic supplementary material The online version of this article (https ://doi.org/10.1007/s4106 3-019-00072 -w) contains supplementary material, which is available to authorized users. of the upper parts of Sylfjellet to the Lower Cretaceous Helvetiafjellet and Carolinefjellet formations of the Adventdalen Group (e.g., [3] [4] [5] [6] [7] [8] [9] ) or simply the Helvetiafjellet Formation, as in the most recent official geological map (scale 1:100,000 [10] , Fig. 2 ). Several publications on the area agree with this assignment (e.g., [11] [12] [13] [14] ). Consequently, Sylfjellet represents the northernmost known exposure of Lower Cretaceous strata on Spitsbergen.
In 2015, during fieldwork targeting the Lower Cretaceous strata, doubt arose concerning the age of this succession and initiated this study. A Paleogene age might indicate the presence of a hitherto unknown structural outlier of the Van Mijenfjorden Group and may therefore contribute to an updated reconstruction of the regional paleogeography, basin fill evolution and the much debated structural development and exhumation history of Svalbard and adjacent Paleogene basins (e.g., [1, 13, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] .
In this paper, the strata at Sylfjellet, here informally referred to as the Sylfjellet succession, are re-visited and new findings from recent fieldwork reported. The objective of this paper is to describe the structural and sedimentological character of the stratigraphic succession at Sylfjellet, with an overall aim at revising its age and lithostratigraphic affinity.
Geological setting

Structural elements of the area
The WSFTB (Fig. 2, synonymous to "Tertiary fold-andthrust belt of Spitsbergen" in [5] ) developed as part of the Eurekan Orogeny, thus recording the collision between the Eurasian and the Greenland Plate prior to and/or during the opening of the North Atlantic along the De Geer Fracture Zone [25] . The WSFTB shows both thin-and thick-skinned thrust deformation [5] .
In Oscar II Land, Berg et al. [26] subdivided the WSFTB into three zones from west to east: (1) a basement-involved fold-and-thrust complex; (2) a central zone with thinskinned fold-and-thrust tectonics, an underlying decollement zone mainly in Permian evaporites and blind fault dominated; (3) an eastern zone representing the thrust front with emerging thrusts and reactivated older fault systems in the east, showing monoclinal structures (the Billefjorden and Lomfjorden fault zones). Sylfjellet is situated in the central zone, just southwest of the thrust ramp of Mediumfjellet ( Figs. 1 and 2) . From north to south, the WSFTB can be subdivided into two different segments: In the northern segment, the main fold-and-thrust complex reaches a maximum width of 30 km and no foreland basin sediments are found east of it. In the southern segment, the intensely folded part is only 10-15 km wide and foreland basin sediments of the Van Mijenfjorden Group are preserved in the Central Tertiary Basin (CTB) ( [12, 27, 28] , Fig. 2) . A tear or transfer fault system, the Isfjorden-Ymerbukta Fault Zone (IYFZ) [13, 26] , divides the northern segment of the WSFTB from the southern segment [25, 29] . It can be traced along the northern coast of Isfjorden (Fig. 2) . The fault zone is rooted in the basement, traceable for 50 km, less than 500 m wide and it has a vertical throw of minimum 650 m and a horizontal dextral component of 5-10 km. [13] . The timing of the IYFZ is a subject of debate: Braathen et al. [13] suggest one or multiple phases during early Paleocene to middle Eocene times, while Harland and Horsfield [30] argue for movement occurring in the late Tertiary (i.e., Neogene) to Pleistocene with displacement of less than 5 km. The IYFZ corresponds to the Isfjorden Fault in Harland and Horsfield [30] , the Ymerbukta Fault in Ohta et al. [31] , the Syltoppen Fault in Kellogg [12] and the Ymerbukta transfer (tear) fault in Piepjohn et al. [25] . This study refers to the CTB as the structural synclinorium, whereas the Paleogene infill in the CTB is referred to as the Van Mijenfjorden Group.
Lithostratigraphy of the Van Mijenfjorden Group
The main part of the Paleogene Van Mijenfjorden Group is preserved in the CTB where it consists of Paleocene to Eocene (Oligocene?) ( [9] and ref. herein) strata with Erdmannflya as the northernmost outcrop ( Fig. 2a) .
The up to 1.9 km-thick group contains seven formations within the CTB, and the Ny-Ålesund Subgroup outside the CTB [9] (Fig. 2b, c) . Fig. 1 The panoramic view from Longyearbyen toward the northern coast of Isfjorden with the prominent double peak of Sylfjellet. The mountain Mediumfjellet is known among geologists due to the well-exposed thrust tectonics There are presently three known structural outliers to the CTB which are defined as part of the Van Mijenfjorden Group: (1) the Ny-Ålesund Subgroup at Kongsfjorden (Fig. 2) , which is incorporated into heavily folded and thrust strata in the northwest, (2) the deposits at Sommerfeldtbukta in the very southern part of Spitsbergen, preserved in the Øyrlandet Graben [32] [33] [34] (i.e., Øyrlandet Basin in [7] ) and (3) the folded and thrust outcrop on the western side of Grønfjorden [25, 35] . According to the lithostratigraphic lexicon of Svalbard [9] , the outliers at Ny-Ålesund and Øyrlandet are correlative to the lower part of the Van Mijenfjorden Group within the CTB. This is not supported by all studies, e.g., Livšic [14] or Cepek and Krutzsch [36] .
Across the CTB, the Van Mijenfjorden Group unconformably overlies the Lower Cretaceous strata, recording Late Cretaceous to early Paleocene uplift and erosion. In the Ny-Ålesund area, the hiatus spans from Permian/earliest Triassic to Paleocene [12, 37] , indicating increasing uplift and erosion toward the NW [32, [38] [39] [40] .
The lower part of the group comprises the Firkanten, Basilika and Grumantbyen formations and the Marstranderbreen Member of the Frysiaodden Formation (Fig. 2 ). It correlates with the Kongsfjorden and Brøggerbreen formations of the Ny-Ålesund Subgroup [9] . It is debated if the basin initially developed from strike slip movement [28] , extension/transtension [7, 27, 41] or transpression/compression [22, 23] . The sediment source was located toward the N and E [42, 43] . The depositional age of the lower part of the group is latest Danian to Thanetian in the northern part of the CTB [23, 44] .
The upper part of the Van Mijenfjorden Group (i.e., the Hollendardalen, upper Frysiaodden, Battfjellet and Aspelintoppen formations, Fig. 2 ) were deposited in a foreland basin setting [45] . Two different models for the contractional regime are suggested: Dextral transpression with decoupling of strain [46] [47] [48] , or a polyphase development with orthogonal compression and transpression [1, 25] . The source area was mainly the evolving Eurekan Fold-and-Thrust Belt in the west [42] and deposition started in the latest Thanetian [27, [42] [43] [44] . The Paleocene-Eocene boundary has been well defined in the lower Frysiaodden Formation [44] , but the age of the youngest preserved parts of the Aspelintoppen Formation is debated with middle Eocene to Oligocene as suggestions [14, 33, 36, 49] . The Van Mijenfjorden Group strata are well lithified with vitrinite reflectance between 0.4 and 0.7% in the Aspelintoppen Formation [50] [51] [52] . Consequently, > 1 km of strata must have been present above the Van Mijenfjorden Group [50] [51] [52] [53] .
Two other Paleogene successions are described in western Svalbard: the Eocene/Oligocene (?) Calypsostranda Group at Bellsund and the Eocene/Oligocene (?) Buchananisen Group located in the Forlandsundet Graben [7, 9] (Fig. 2 ).
Stratigraphic development of the Firkanten Formation
The Firkanten Formation reflects the start of Paleocene sedimentation on Spitsbergen and consists of three members (Fig. 2b ). The lower continental to paralic Todalen Member is known to contain commercial volumes of coal, and 90% of the coal produced in Svalbard originates from this unit [54] . The member displays an overall transgressive trend throughout the basin. Different paleogeographic interpretations for the Todalen Member have been suggested: Steel et al. [55] proposed three half-graben-related sub-basins which progressively developed toward the north. Nagy's [56] paleogeographic interpretation of the Todalen Member was based on foraminiferal facies and sequence stratigraphic analysis and shows a concurrent coastline stretching NNW-SSE with an open sea toward the west. Lüthje [57] , on the other hand, documented significant onlap toward the north, with the Todalen Member deposits younging from the Svea-area toward Longyearbyen.
The upper part of the Firkanten Formation is characterized by the cliff-forming and sandstone-dominated Endalen Member, representing deltaic and shoreface deposits. Its lateral equivalent in the distal parts of the basin is pro-deltaic to shelf deposits of the Kolthoffberget Member, preserved in the western and southern parts of the CTB.
Methods
Fieldwork and mapping
Fieldwork was carried out on Sylfjellet during three field campaigns in 2015, 2016 and 2017. The steep and alpine area was mapped where accessible, and sedimentary sections were logged in concert with rock sampling for further analyses. Partly, logging was performed using rope belay. The outcropping strata were measured bed by bed, and rock type, texture, sedimentary structures, geometry as well as body and trace fossils were noted. Visual observations, photographs, and subsequently orthophotographs were used to map the geology of inaccessible areas.
U-Pb zircon dating
A 28 cm-thick bed of plastic, yellowish-grayish bentonite was sampled (sample OSL 16-2) from the base of the mapped succession ( Fig. 3 ). The sampled material was packed in an airtight plastic sample bag for transport and further preparation. In the laboratory at the University of Oslo, the bentonite was washed and sieved before separation of heavy minerals through standard magnetic and heavy liquid techniques. Selected zircons were annealed for c. 72 h at 900 °C and chemically abraded with HF (+HNO3) at 195 °C for 14 h [58, 59] . After optical inspection, euhedral high aspect ratio (> 1:4) zircon grains were chosen for analyses, spiked with a mixed 202 Pb-205 Pb-235 U tracer, which has recently been calibrated to the EARTHTIME (ET) 100 Ma solution [60] (Oslo), and dissolved in HF (+HNO3) at c. 210 °C for > 48 h in Teflon microcapsules and a Parr-type bomb. All dissolved grains subsequently went through column chemistry to separate U and Pb from potentially interfering and ionization-inhibiting elements [61] . Details of the general mass spectrometric techniques used are presented in a previous article ( [62] ; with upgraded laboratory parameters: Pb blank generally < 1 pg with a composition of 206 Pb/ 204 Pb = 18.12 ± 0.30; 207 Pb/ 204 Pb = 15.30 ± 0.18; 208 Pb/ 204 Pb = 36.67 ± 0.34; improved precision of fractionation on U and Pb fractionation parameters of 0.02% and 0.003% 1 σ for U and Pb, respectively). Reduction of raw data was conducted using Tripoli [63] , and analytical errors and corrections (including common Pb, fractionation corrections and Th corrections, assuming Th/U in the magma of 3) were incorporated and propagated in the Excel macro based on the algorithms published in Schmitz and Schoene [64] . Ages were calculated by the use of the ISOPLOT Excel macro of Ludwig [65] using the decay constants of Jaffey et al. [66] , and are presented with 2σ errors as X/Y/Z, where X includes only the analytical errors, Y includes the analytical errors and tracer calibration errors, and Z includes the analytical, tracer calibration and decay constant errors. The U-Pb data are presented in Online Resource 1.
Biostratigraphy
For palynology, two coal samples (OSL-16-4 and OSL-16-7; see Fig. 3 ) were processed following the standard procedures described by Kaiser and Ashraf [67] . The samples were treated with 40% hydrofluoric acid (HF) for silicate removal and potassium hydroxide (KOH). After sieving over a 12-µm nylon mesh sieve the residues were slightly oxidized by applying 30% hydrogen peroxide (H 2 O 2 ) to remove flocculating organic matter and improve the transparency of possible existing palynomorphs. After a final sieving the residues were analyzed at 400 × magnification. For macroscopic fossil analysis, several macroscopic plant fossils were collected or photographed in the field. For foraminifera, two samples were prepared for analysis, following the kerosene method of Nagy et al. [68] . This method was chosen because of the lithified nature of the sediments.
Vitrinite reflectance
A total of 25 samples, each between 200 and 1200 g, were collected from three coal seams in the field. Samples were taken from roof to floor to avoid mixing of the brittle material. Sample intervals were pre-defined or naturally defined by lithological boundaries or partings in the coal seams. The coal was packed in aluminum foil and plastic or cotton bags for transport. Sample preparation was carried out in accordance with the methods outlined in ISO 7404-2 [69] . After air drying and grain size reduction to less than 1 mm, a laboratory sample of 85-200 g was obtained by splitting. A representative proportion of this sample was embedded in epoxy resin and prepared as polished mount according to ISO 7404-2. The particulate mount was sectioned perpendicular to any density stratification that developed during resin curing.
A modified Leica DM 4000 M binocular incident light microscope was used for coal petrographic analysis. The microscope was fitted with 20 ×, 32 × and 50 × oil immersion objectives, 10× oculars with adjustable eyepieces, LED incident light illumination including white light and blue light (fluorescence-mode illumination), two digital cameras Basler Scout scA1390-17fm and -17fc color, and ecodrive microscope scanning stage with power supply unit and software Hilgers Diskus-Fossil, and a imaging system was included.
Random reflectance (R r ) measurements were carried out following the standard ISO 7404-5 [70] . A total of 100 points were measured on vitrinite to determine the random reflectance. All reflectance measurements were documented by micrographs. The operators are accredited for vitrinite random reflectance analysis, maceral analyses and coal blend petrographic analysis by the International Committee for Coal and Organic Petrology (ICCP). Fig. 2 a Southern Spitsbergen with the most important structural elements and Paleogene strata as shown in existing maps. Paleogene troughs, basins and fold belts: CTB Central Tertiary Basin, FG Forlandsundet Graben, WSFTB West Spitsbergen Fold-and-Thrust Belt, ØG Øyrlandet Graben. Fault Zones: BFZ Billefjorden Fault Zone, IYFZ Isfjorden-Ymerbukta Fault Zone, LFZ Lomfjorden Fault Zone; Important localities (from N to S): NÅ Ny-Ålesund, OSL Oscar II Land, MF Mediumfjellet, SF Sylfjellet, EF Erdmannflya, OPF Operafjellet, LYB Longyearbyen, GF Grønfjorden, NSL Nordenskiöld Land, S Svea, IP Ispallen, BS Bellsund, SRF Schönrockfjellet, ESK eastern Sørkappland. ¤ restored position of the Sylfjellet succession as discussed in the text. Modified from [4] and [94] , basemap © Norwegian Polar Institute [95] . Overview map from [96] . b The lithostratigraphy of the Van Mijenfjorden Group in the CTB. Adventd. Gp Adventdalen Group. Modified from [55] . c The lithostratigraphy of the Ny-Ålesund Subgroup, Van Mijenfjorden Group. Tempelfj Gp Tempelfjorden Group, SG Sassendalen Group, T R Triassic; After [9, 97] . d The existing official geological map (original scale 1:100 000) of the Sylfjellet area. Slightly modified from [10] . e Redrawn geological cross section from Braathen [13] through the IYFZ crossing the southern slope of Sylfjellet. The major steep fault zone f 7/8, just west of Sylfjellet has a vertical displacement of 600 m ◂ arktos
Results
Geological mapping and structural configuration
The mapped strata of the Sylfjellet succession extend from the northern ridge of the mountain at c. 480 masl to the southern ridge of the mountain at c. 630 masl and up to the summit of Syltoppen. The outcropping strata cover an area of 0.8 km 2 , and the maximum extent is 1.8 km × 0.7 km. The Sylfjellet succession overlies the c. 25 m-thick cliff-forming sandstones of the Lower (Barremian to Aptian) Festningen Member of the Helvetiafjellet Formation [71] [72] [73] [74] [75] . Based on distinct sedimentological and lithological differences, the Sylfjellet succession was subdivided into four units including a coal-bearing unit at the base (Unit 1) overlain by a sandstone-dominated section (Unit 2), which is overlain by dark siltstones (Unit 3), and sandstones on the top (Unit 4). The present-day subaerial erosional surface defines the upper boundary of the mapped succession. The maximum stratigraphic thickness of the investigated succession (excluding the Lower Cretaceous succession) is c. 250 m. Figure 3 shows the extent of the mapped area and elements that were changed compared to the existing geological map [10] .
While the eastern part of the mapped area is overall well exposed, the western part is largely covered by debris and stratigraphic contacts on the map are inferred. The whole succession is well lithified except for some few highly weathered sections. Fig. 2d ) showing sample locations, mapped units and elements that were changed or modified from the official geological map [10] . Quaternary elements were mapped based on orthophotos The strata exposed on Sylfjellet forms the western limb of a reverse fault-bound anticline (Fig. 4 ). The layers are inclined and dip with 30°-45° toward the west in the summit ridge area. The mapped area is located in the WSFTB where the IYFZ bends northward, developing from an NNE-trending oblique dextral tear fault into a WNW-verging thrust fault zone consisting of several fold-thrust elements with upward throw toward the NE ( [26] , Fig. 2a ).
The main vertical offset of the IYFZ is situated just west of Sylfjellet (f7 in Fig. 2e or fault 1 in Fig. 4 ) [12, 13, 31 ]. This fault is described as "a major steep fault zone that juxtaposes the Bravaisberget Formation to the west with the Janusfjellet Subgroup. (…) separation is consistent with a throw of 600 m" (p. 232 in [13] ).
The assumed fault 2 in Fig. 4 (≙ f8 in Fig. 2e ) juxtaposes the black shales of the Janusfjellet Subgroup in the hanging block directly beside the Helvetiafjellet Formation and Units 1-4 in the footwall. Even though not directly exposed, significant vertical offset must be present also here in the form of a (oblique?) reverse fault. The presence of this fault is supported by abundant slickensides and fractured sandstones which are observed close to the col west of Sylfjellet, where the dip of the strata changes abruptly from westward to eastward. A fault is therefore inferred and modified from [10] (fault 2 in Fig. 4 ). The northern and southern extensions of the assumed fault are adapted from [11, 13] . West and north of Syltoppen, the fault-adjacent layers of Units 2 and 4 are pushed upward and kinked in the eastern footwall (see cross section in Fig. 4 ).
Unit 2 strata are folded into a syncline in the northwestern mapping area, which is considered evidence of drag along the major (oblique?) thrust to the west. Several small-scale faults are found in the Sylfjellet summit ridge area, both north and south of Syltoppen ( Fig. 4 ).
Sedimentological observations
The character and definition of the units in the outcrop are shown in Fig. 5a , and the sedimentological observations are summarized in Fig. 6 .
Unit 1
Unit 1 is c. 23 m thick at the southern ridge and c. 31 m at the northern ridge of Sylfjellet. The unit is dominated by sandstone, shale and coal, with pebbly layers occurring in between. It overlies the cliff-forming sandstone of the Helvetiafjellet Formation (Fig. 2) with a clearly visible, sharp contact. The lowest stratum of the unit shows lateral differences; in the southern field area, it consists of a grayish, plastic bentonite (tephra) bed, partly underlain by a few centimeters thick siltstone layer. In the northern map area, the bentonite is absent. Here, the lower contact is marked by either a distinct boundary between the Cretaceous sandstones and a coal seam or an up to 20 cm-thick, graded sandy siltstone bed that contains floating granules and coal stripes. This bed forms the base of the coal seam. The basal contact is discussed separately below.
Wave ripple cross-lamination with Diplocraterion burrows occur in the northern outcrops of Unit 1. The equivalent stratum on the southern ridge shows wave ripple crosslamination and rhythmic plane parallel bedding. The layers above consist of sandstone beds interbedded with organicrich mudrock and pebbly layers or floating pebbles. Ripple cross-lamination, rootlets and plant imprints are abundant. Thin coal layers occur in the upper part. A coal seam represents the uppermost part of Unit 1. It is overlain with a sharp boundary by the massive, cliff-forming sandstones of Unit 2.
Unit 1 contains two well-developed, laterally consistent coal seams which are informally named here as the lower "Root" Seam and the upper "Krafse" Seam. The other coal layers appear laterally restricted. Both the Root and the Krafse seams are ≈ 115 cm thick at the southern ridge. In the northern part of the mapped area, coal thickness increases to ≈ 140 cm (Root Seam) and ≈ 180 cm (Krafse Seam).
Unit 1 is interpreted to represent mainly continental facies. However, above the Root Seam, a minor marine or brackish transgression is recorded, indicated by the Diplocraterion burrows resp. rhythmite horizon, which is tidal related. In conclusion, Unit 1 is continental to paralic, where the coal seams represent peat bodies in a coastal plain or alluvial environment. The lower boundary of the unit is erosive.
Unit 2
The cliff-forming, sandstone-dominated Unit 2 is 50-60 m thick. The lower boundary is sharp and defined by the first cliff-forming, massive sandstones above the Krafse Seam of Unit 1. The unit consists of very fine-to fine-grained sandstone with varying mudstone content. Dominating sedimentary structures are hummocky cross-stratification, trough cross-stratification, ripple cross-lamination (predominanty symmetrical ripples) and plane-parallel lamination. Channelshaped geometries were observed as well as heterolithic sections, mud drapes and some minor rootlets. Conglomeratic lenses and floating pebbles are found in the sandstones. Bioturbation is abundant and burrows such as Maccharonichnus, Ophiomorpha and Schaubcylindrichnus were recognized.
The unit consists of four c. 10-17 m-thick coarseningupward (CU) units, resembling stacked parasequences. The CU units are typically highly bioturbated, with muddy to silty sandstones at the base and texturally more mature sandstones and conglomerates toward the top. The uppermost CU unit is capped by an up to 40 cm-thick extraformational conglomerate.
Unit 2 is generally interpreted to represent shoreface and possibly mouth-bar deposits in a wave-dominated environment. Each CU unit records shoaling and successive progradation. A lag conglomerate tops the unit, representing a transgression to Unit 3.
Unit 3
Unit 3 reaches a thickness of c. 80 m. The lower boundary is sharp and defined by the first dark siltstones on top of the cliff-forming, yellowish-grayish weathered sandstones and conglomerates of Unit 2. It consists of sandy siltstones with a darker color than both the underlying Unit 2 and the overlying Unit 4. Bioturbation is abundant and rounded chert pebbles occur. The upper contact is transitional and here defined by the first cliff-forming, silty sandstones of Unit 4. Unit 3 has an overall coarsening-upward trend.
Unit 3 is interpreted to represent muddy shelf conditions in the lower part of a regressive cycle which continues upward into the overlying sandstones of Unit 4.
Unit 4
Unit 4 forms the first outcrops above the considerably weathered Unit 3. The lower boundary is gradational and is defined here by the first observed cliff-forming and silty sandstones that are brighter in color than those of Unit 3. It consists of silty sandstones and glauconitic sandstones. Bioturbation is abundant, pebbles, mainly consisting of chert, occur locally. The lower part coarsens upward due to the less mud content of the sandstones. The best outcrops were mostly inaccessible due to their steepness; therefore the description is mainly based on the lower part of the unit and remote observations. Unit 4 has an estimated thickness of 90 m at Syltoppen. Since the upper boundary is defined by the present-day erosive surface, no statement can be made about the original thickness.
Unit 4 represents muddy shelf and pro-deltaic deposits. It forms the upper part of a regressive cycle, consisting of Units 3 and 4 combined.
U-Pb zircon dating of bentonite bed
The plastic bentonite bed just above the base of Unit 1 (sample OSL 16-2, see Figs. 3 and 6) was analyzed to obtain an absolute age within the studied section. Results showed that it is a tephra layer of volcanic origin. Eight euhedral, slightly pinkish, high aspect ratio (> 1:4), inclusion-rich zircons were selected for analysis. All zircon analyses are concordant to subconcordant, but have 206 Pb/ 238 U ages that range from 61.93 to 61.54 Ma, with no overlap between the oldest and youngest zircons. The zircons have Th/U ratios varying from 0.4 to 1.2, but the variation is not correlated with age. We interpret 206 Pb/ 238 U age of the four youngest, overlapping zircons as the best estimate for the depositional age of the bentonite at 61.527 ± 0.045/0.050/0.090 Ma (2σ; MSWD = 1.37; Fig. 7 ). The remaining older zircons are interpreted as antecrystic, reflecting residence and zircon growth in a magma chamber. This means that the base of Unit 1 is of Paleocene age (earliest Selandian).
The basal contact of Unit 1
Important for the evaluation of the Sylfjellet succession is whether the contact between the underlying Helvetiafjellet Formation and Unit 1 is structural or sedimentary in nature. The answer will have implications for the structural interpretation of the WSFTB as well as for the correlation between Sylfjellet and the other Paleogene occurrences on Svalbard.
The contact is only well exposed and easy accessible at outcrops close to the southern and northern ridges of Sylfjellet. In the whole western part of the mapped area, it is covered by scree.
The lower boundary of Unit 1 is defined by up to 28 cmthick bentonite layer found in the southern area, locally underlain by a roughly 3 cm-thick, graded, organic rich sandy siltstone (Figs. 6, 7) . The unlithified, plastic bentonite (clay) has a tannic taste and pale gray and partly yellowish color from weathering of sulfur, forming jarosite. The upper part of the bentonite is permeated with inclined coaly stripes, interpreted as rootlets, overlain by a layer of organicrich black mudrock. The bentonite layer can be traced laterally for at least 80 m.
The mechanically incompetent bentonite layer might be difficult to use as an indicator for strain due to its unlithified nature. Still, the in situ rootlets in the upper part are a clear sign for the clay being undisturbed. The rootlets are slightly inclined, which is interpreted to be a result of postsedimentary compaction of the clay.
In the northern mapping area, the bentonite layer is absent. The basal boundary is defined by a layer of coal rich mudrock with floating grains of sand to granule size, directly overlain by the lowest coal seam. Locally, the coal seam lies immediately over the sandstone of the Helvetiafjellet Formation. No signs of tectonic activity such as slickensides, faults or exceptionally fractured rocks were observed at or in direct vicinity to the contact. The coal has a blocky fracture pattern and shows no signs of strain action. In Svalbard mines, the immediate roof or floor of coal seams often act as small Fig. 4 New map of the Sylfjellet area, scale 1:50,000 with cross section. Encircled numbers refer to faults mentioned in the text. Extent of map is shown in Fig. 2d . Based on the official map in the scale 1:100,000 from the Norwegian Polar Institute [10] . Contour lines and hillshade model constructed with the Digital Elevation Model from the Norwegian Polar Institute [98] . Base map is based on orthophotos and online map from the Norwegian Polar Institute [95] . U Unit. All strike and slip measurements by the authors ◂ arktos décollement surfaces (unpublished observations by the first author)-this has not been observed close to the lowest seam at Sylfjellet.
The absence of these strain indicators in both areas represents arguments for the contact being of sedimentary nature. The floating grains which are up to granule size have a conglomeratic appearance and can be interpreted as a transgressive lag, which is consistent with an undisturbed contact and support an erosional surface or a lacuna.
Biostratigraphy
Coal samples from Unit 1 were analyzed for palynomorphs to obtain a relative age of the deposits. The maceration residues of the two coal samples OSL-16-4 and OSL- 6) consist almost entirely of phytoclasts. In sample OSL-16-4, only opaque phytoclasts are included and palynomorphs are completely absent. In sample OSL-16-7, which is composed of mainly translucent phytoclasts, only one well-preserved pollen grain was found (Fig. 8a) . It is a small triporate pollen with a diameter of only 15 μm, a nearly circular equatorial outline and a smooth exine. Palynological taxa with comparable morphological features are known from Eocene occurrences in Europe and described, for example, as Celtipollenites laevigatus [76] . As possible parent plants in addition to Cannabaceae (Celtis), Moraceae and Urticaceae are considered, because modern Celtis pollen do not show a smooth exine [76] . As Triporates, Types A and F, Manum [77] described similar pollen from coal of the Longyearbyen area and suggested a betulaceous or myricaceous relationship. Nevertheless, despite the uncertain botanical classification, an angiosperm origin of the pollen grain is obvious.
The similar morphotypes from Spitsbergen [77] and Europe [76] are from Paleogene sequences. In Central Europe, these taxa even occur in the Miocene [76] . Despite the minor database, the proof of such a morphotype indicates a post-Cretaceous age for the succession, especially as the Upper Cretaceous as well as the reworked Cretaceous palynoflora of Spitsbergen [36, 78] has a distinctly different composition and morphotypes like the one described here are missing.
Several macroscopic plant fossils were found in Unit 1 on the northern ridge of Sylfjellet (sample OSL-17-10 in Figs. 3, 6 ; photographs in Fig. 8b and Online Resource 2). Four specimens were collected or photographed in the field. The classification given here is purely based on analysis of the photographs and might therefore be deficient. The following fossils have been discovered: Sequoia langsdorfii (Brongniart) Heer 1855 with the age range of Paleocene to Pliocene [79] , Osmunda macrophylla Penhallow 1908 with the age range of late Paleocene to early Eocene [80] ( Fig. 8b) , Metasequoia occidentalis (Newberry) Chaney 1951 with the age range of Upper Cretaceous to Pliocene (early Paleocene to late Eocene on Spitsbergen) [81] .
For foraminifera, the two analyzed samples were from Unit 2 and Unit 3. A total of 18 foraminifera were discovered in sample OSL-15-2 and 14 individuals in sample OSL-15-4 ( Figs. 3, 6 ). Due to their poor preservation, many of the foraminifera were only identifiable to genus level. In sample OSL-15-2, these were Saccammina sp., Haplophragmoides sp. and Trochammina sp. In sample OSL-15-4, the recovered genera were Rhizammina sp., Saccammina sp., Lagenammina sp., Haplophragmoides sp., Recurvoides sp., Trochammina sp., and ?Verneuilinoides sp. In the two samples, only three species of foraminifera were preserved well enough to be identified to species level. Ammodiscus cf. glabratus occurred in sample OSL-15-2 and Repmanina charoides was found in sample OSL-15-4, while Glomospira gordialis occurred in both samples. Unfortunately, these foraminifera all have a long stratigraphic age range and are therefore not age diagnostic. All of the recovered individuals are of the agglutinating type, which indicates that the depositional environment of the sediments in which they were found was stressed at the time, for example by high energy.
Vitrinite reflectance
To evaluate the thermal maturity of the studied strata and to compare it to other areas within the CTB, vitrinite reflectance was analyzed from the outcropping coal seams. As described by Marshall et al. [53] , Paleocene coals in Svalbard are often perhydrous, which can cause vitrinite reflectance suppression by bitumen impregnation. To account for this effect and get the most representative result, the two coal seams from Unit 1 were sampled as detailed as possible (Fig. 2a) , along strike with the IYFZ according to [11, 13, 31] , which is schematically indicated. The structural interpretation and stratigraphic assignment at Kvaevefjellet is based on Braathen et al. [13] . Fault numbers as in Fig. 4 . e The Root Seam in a steep outcrop at the northern ridge of Sylfjellet, picture is taken upwards at the sample location OSL- 16-7. Floor and roof are marked by dotted lines. The small picture shows the abundantly occurring eponymous rootlets, marked by arrows. Knife is 10 cm long. Fm Formation, Mb Member, T R Triassic strata, JK Jurassic/Lower Cretaceous strata, Pg Paleogene strata, IYFZ Isfjorden Ymerbukta Fault Zone ◂ arktos in the field. The lower Root Seam has a total thickness of 115 cm and was sampled from roof to floor with 12 samples (combined sample OSL-16-7 in Figs. 3 and 6 ). The upper Krafse Seam with a similar thickness yielded 11 samples (combined sample OSL- 16-4 in Figs. 3 and 6 ). As shown in Fig. 9 , the effect of random reflectance (R r ) suppression toward the top of the seams appears clear and is in coherence with the observations by Marshall et al. [53] . Accordingly (and confirmed by Uguna et al. [82] ) the most accurate values for R r , reflecting the "real" thermal maturity, are found at the base of the seams where vitrinite remained mostly unaffected by the suppression effect by bitumen impregnation.
Here, R r is in the range of 0.67% (Root Seam) and 0.63% (Krafse Seam). The stratigraphic distance between these is 18 m and thus negligible in this context.
Samples of Lower Cretaceous coal came from the c. 10 cm-thick coal seam in the Helvetiafjellet Formation (sample OSL-15-7, Fig. 4 ), which lies below Unit 1 at the southern ridge of Sylfjellet. The sample location at 580 masl lies ca. 70 altitude meters below the coal seams of Unit 1 with a horizontal distance of 220 m. The stratigraphic difference is estimated to be less than 20 m to the Root Seam. The measured random reflectance R r is 0.62%, a possible reflectance suppression effect could not be examined.
Discussion
The original position of the Sylfjellet succession
Any reconstruction of the Paleocene paleogeography requires a structural restoration which will make it possible to relate the Sylfjellet succession to other, tectonically less disturbed Paleocene strata as the lower Van Mijenfjorden Group in the CTB. The closest outcrop comprising strata of the Van Mijenfjorden Group is at Erdmannflya where the Paleocene Firkanten, Basilika and Grumantbyen formations are preserved east of the IYFZ [31] (Fig. 2) . The closest area where the CTB occurs relatively unfolded and unthrust is at Bohemanneset (Fig. 2) , where the Lower Cretaceous Helvetiafjellet and Rurikfjellet formations are exposed.
The connection between those CTB outcrops north of Isfjorden and the main part of the CTB south of Isfjorden has been examined by Blinova et al. [29] . Seismic transects in Isfjorden show thrust faults which are more or less parallel with the general strike of the WSFTB, similar to what is observed south of Isfjorden. No strike slip faults or faults with other orientations were found. Consequently, the Paleocene deposits at Erdmannflya and the Lower Cretaceous deposits at Bohemanneset can structurally be interpreted in connection to the CTB synclinorium, representing its northernmost outcrops. Both are situated east of the IYFZ where significant dextral oblique strike slip movement occurred. They can therefore be used as spatial reference areas representing the CTB, when compared with strata incorporated in the WSFTB, such as Sylfjellet. The question if Sylfjellet is situated northwest, southeast or within the IYFZ is not straightforward to answer. A complex strain pattern northwest of Sylfjellet is well documented [13] and possibly most of the IYFZ strain took place here. For the area between Sylfjellet and Bohemanneset, the character of tectonic disturbance is debated: While some authors [10, 12, 13] describe the area as dominated by folding, others [5, 11, 26] show several thrusts east of Sylfjellet. Irrespective of the manner of tectonic movement, the fact that the Helvetiafjellet Formation crops out at both Bohemanneset and Sylfjellet shows that the vertical offset accounts to c. 600 m.
The maximum lateral movement that the mapped unit has experienced can be estimated based on available literature. The horizontal dextral offset of the IYFZ has been estimated to be between 5 and 10 km by Braathen et al. [13] and 8 km by Piepjohn and van Gosen [11] . Bergh et al. [26] restored two folded and thrust cross sections on Oscar II Land and estimated shortening to be approximately 45% as a minimum estimate. These numbers allow a tentative estimate of the original position relative to the Bohemanneset outcrops; the Sylfjellet succession would be maximum 5 km further west to restore folding and thrusting (45% of the distance between Sylfjellet and Bohemanneset) and 8 km further SSW to restore strike slip movement along the IYFZ. That places Sylfjellet maximum 12 km southwest of the present position, or 10 km northwest of the Paleocene Erdmannflya strata (indicated in Fig. 2a ). Consequently, the Sylfjellet succession has not been located far beyond its existing position relative to the CTB.
The age of the Sylfjellet succession and its relation to the Van Mijenfjorden Group
Absolute dating and biostratigraphy revealed in the present study show a Paleocene age for the Sylfjellet succession, whereas all previous publications (including maps and books, e.g., [2, 4, 7, 9-14, 27, 28, 33, 49, 83, 84] ) show a Mesozoic age for the summit region of Sylfjellet. It is therefore pertinent to evaluate the dating results and question how the mapped units relate to other Paleocene deposits on Svalbard. The U-Pb age of 61.527 ± 0.045 Ma for the bentonite layer at the base of Unit 1 is similar to the age that Jones et al. [23, 85] report from a tephra layer of the Todalen Member (Firkanten Formation), which occurs at several locations between Longyearbyen and Svea. They conclude that their samples all derive from the same eruption from the volcanic suite of the Kap Washington Group in northeastern Greenland. With a mean age of 61.596 ± 0.028 Ma for the tephra bed dated by Jones et al. [23] , the Sylfjellet-tephra is just overlapping this age and could represent tephra from the same volcanic eruption.
In all locations reported by Jones et al. [23] , the tephra layer occurs between 7.1 and 11.7 m above the basal Paleogene unconformity in a continental to paralic environment, close to the lowest coal seam [23] . This tephra layer has also been mapped at Ispallen (Fig. 2a) , where it occurs between 1 and 7 m above the basal unconformity [86] . That indicates that Paleocene deposition occurred in a paralic belt with an isochronal coast line reaching almost 100 km from Ispallen to Sylfjellet. This interpretation is in conflict with the model by Lüthje [57] which shows significant onlap of the Todalen Member on the Lower Cretaceous strata between Svea and Longyearbyen and a clear backstepping development and younging of deposits toward the north for the Todalen Member. Our interpretation is in better agreement with the paleogeographic reconstruction by Nagy [56] , who postulates a continuous paralic belt in the area from Schönrockfjellet (Fig. 2) via Svea and Longyearbyen to north of Isfjorden during the early Paleocene. We therefore argue that Unit 1 was deposited as part of the same sedimentary system as the Todalen Member.
Lithostratigraphic assignments
Units 1 and 2: Firkanten Formation
The Todalen Member in the area east of Longyearbyen represents a deltaic or coastal plain environment, which varies in thickness from 18 to more than 50 m, and contains three to five coal beds [87, 88] . At Sylfjellet, Unit 1 has a thickness of 23-31 m. With 2-4 coal beds, of which two have significant thickness, and one level indicating tidal or marine influence, there is sedimentological similarity to the Todalen Member in the Longyearbyen area. The matrix-supported granules at the base of the coal seam on the northern ridge of Sylfjellet would represent the Grønfjorden Bed [9] of the Todalen Member.
The Endalen Member thickens westward from 45 m at Konusen 12 km northeast of Longyearbyen to 120 m at Grumantbyen 12 km southwest of Longyearbyen. It consists of four to five sandstone intervals each with a clear coarsening-upward trend, and represents a barrier shoreline in a shallow-marine environment [22] . At Sylfjellet, the sandstone-dominated Unit 2 is 50-60 m thick and consists of four coarsening-upward cycles, showing the same sedimentological characteristics as the Endalen Member in the Longyearbyen area.
Units 1 and 2 together are 70-80 m thick, which is comparable to the Firkanten Formation in the area northeast of Longyearbyen according to, e.g., Kellogg [12] and Bruhn and Steel [22] . A unit comparable to the marine mudstonerich Kolthoffberget Member, the third and the most distal member of the Firkanten Formation, was not observed at Sylfjellet; again this is similar to the Longyearbyen area. Only limited information is available and no sedimentological logs are published from Erdmannflya, the outcrop being located closest to Sylfjellet. Kellogg [12] states that 44 m Tertiary clastic beds overlie the Cretaceous, "similar to the lower Firkanten Formation as it is developed between Grumantbyen and Longyearbyen" (p. 476). Livšic [14] as well as the unpublished thesis of Schaupeter and Struck [89] reports a thickness of 110 m for the whole Firkanten Formation. The latter describes two units at Erdmannflya (i.e., Todalen and Endalen members) with thicknesses of 45 m and 65 m, respectively.
The thickness of the Todalen Member varies significantly even over short distances, possibly due to the topography of the peneplain after the Late Cretaceous/Paleocene erosion, but lies in general in the range of c. 20-60 m in the northeastern part of the CTB [87] . The Endalen Member has a more constant thickness distribution with a clear thickening trend toward the west within the CTB. Unit 2 can therefore be compared with the Endalen Member in the Longyearbyen area or at Erdmannflya. Based on the analysis above it is concluded that Unit 1 can be is correlated with the Todalen Member of the Firkanten Formation due to the age, similarities in lithology, sedimentary expression, thickness distribution, and relation to Unit 2. Unit 2 is correlated with the Endalen Member of the Firkanten Formation due to similarity in lithology, internal geometry, thickness, and relation to the over-and underlying units.
Unit 3: Basilika Formation
The Basilika Formation close to Longyearbyen consists of black and gray shale with thin interbeds of sandstone and occurring dropstones [31] . It is organized in repeated coarsening-upward successions and has a general large-scale coarsening-upward trend to the upper boundary which is defined by the transition to the greenish sandstone of the Grumantbyen Formation [88] . The lower boundary to the sandstones of the Endalen Member is normally sharp. Unit 3 has similar internal characteristics, constituting a sharp lower boundary and a transitional boundary to Unit 4. The thickness of 80 m is comparable to the Basilika Formation at the coastal cliffs on the southern side of Isfjorden [14] and at Carolinefjellet, 10 km northeast of Longyearbyen [88] . For Erdmannflya, Livšic [14] reports a thickness of 150 m, while Schaupeter and Struck [89] report 55 m. Due to the gradual character of the boundary to the overlying Grumantbyen Formation, the formation can be defined in various ways, hence the differences in thickness. In addition, the thickness differences on Erdmannflya might be caused by tectonic disturbance in the area. Thus it appears difficult to use the thickness from Erdmannflya for comparison. Firkanten and Basilika formations together show a clear thickening trend toward the southwest from 150 m northeast of Longyearbyen to more than 400 m at Barentsburg [12, 14, 22] . The thickness of 160 m of units 1, 2 and 3 is comparable to the Firkanten and Basilika formations at the northeastern margin of the CTB. In conclusion, Unit 3 is correlated with the Basilika Formation due to similarities in lithology, sedimentological character, thickness, and relation to underlying Units 2 and 3 and overlying Unit 4.
Unit 4: Grumantbyen Formation
Due to the present-day erosive upper surface of Unit 4, thickness cannot be used for comparative purposes. The Grumantbyen Formation in the Longyearbyen area is a cliffforming sandstone unit which constitutes the plateaus of many mountains in Nordenskiöld Land. It consists of greenish, glauconite-bearing, massive and bioturbated sandstone with rare dropstones [88] . The lower boundary is transitional from the Basilika Formation. Unit 4, forming the peaky summit of Syltoppen ( Figs. 1 and 5) , has a similar character. Both lithology, glauconite content, lower boundary, and the sedimentological and intensively bioturbated character are similar to the Grumantbyen Formation in the Longyearbyen area. In conclusion, Unit 4 can be correlated with the Grumantbyen Formation due to similarities in lithology, amount of bioturbation and the sedimentological development from the underlying Unit 3.
Lithostratigraphy, sedimentology, paleoenvironment, age, regional and paleo-regional relations all suggest that the Sylfjellet succession has been deposited in the same basin as the lower Van Mijenfjorden Group, which is found in the CTB. The Sylfjellet succession should consequently not be treated as a separate group. Therefore, the Sylfjellet succession is here assigned lithostratigraphically to the lower part of the Van Mijenfjorden Group, thereby adding a fourth structural outlier to the group alongside the Ny-Ålesund Subgroup, the outcrop west of Grønfjorden and the Øyrland Graben deposit.
Origin and extent of the basal hiatus of the Paleogene Sylfjellet succession
At Sylfjellet, the Paleocene Firkanten Formation rests on the Barremian-Aptian Helvetiafjellet Formation. This regional hiatus is known to increase in magnitude northward within the CTB, with the Firkanten Formation lying directly on top of the upper Albian strata of the Carolinefjellet Formation deposits in southern Spitsbergen [90] , middle Albian strata in southeastern Spitsbergen [91] , Aptian strata in Central Spitsbergen [39] , upper Aptian in the Longyearbyen area and lower Aptian at Erdmannflya [12] . In the northernmost location of Ny-Ålesund, the Van Mijenfjorden Group rests directly on Lower Triassic and Upper Permian strata [92] . This overall northwards increasing hiatus records uplift in the north during the Late Cretaceous to earliest Paleocene, likely related to thermal doming and initial rifting in the Eurasian Basin north of Svalbard and Greenland [7] .
Sylfjellet therefore represents the only known locality where the Firkanten Formation rests directly on the Helvetiafjellet Formation. Figure 10 gives a summary of published relative and absolute ages for both the strata below and above the hiatus. The sub-hiatal strata successively age northward, showing northward increasing erosion during the Late Cretaceous and earliest Paleocene. The new observation at Sylfjellet extends both the general trend of increasing hiatus northwards and the distribution of the Van Mijenfjorden Group beyond its known outcrop limits. It also supports the former assumption that the Ny-Ålesund Subgroup is a correlative part of the lower part of the Van Mijenfjorden Group and that the depositional basin exceeded the extent of the CTB by far.
In the structural outlier of the Øyrland Graben, Krutzsch [78] presented Upper Cretaceous microflora from the strata that have officially been assigned to the Firkanten Formation in Dallmann [9] . Since reworked Upper Cretaceous palynomorphs are not unusual in the Paleocene of Svalbard, Smelror and Larssen [90] doubt an Upper Cretaceous age, but do not present evidence for a Paleocene age of the Øyrland deposit. The age is therefore added as questionable in Fig. 10 .
Tectono-sedimentary implications of the thermal maturity of coals
In our dataset, the stratigraphic distance between all analyzed coal seams is less than 50 m. That means that a potentially recorded paleo-geothermal vitrinite reflectance gradient would be below the measuring accuracy for this interval, assuming that both Cretaceous and Paleogene coals share the same burial history. The R r representing the thermal maturity of the coals on Sylfjellet (both Cretaceous and Paleogene) is in the range between 0.62% and 0.67%. This is comparable to the coals of the Firkanten Formation at Operafjellet close to Longyearbyen where Marshall et al. [53] measured a reflectance of 0.68%.
The R r values from Sylfjellet are surprising because Paech and Koch [50] report similar values from Bohemanneset (0.68% R r , classified as"high quality data") where coal seams from the Helvetiafjellet Formation are exposed at sea level. The height difference between these coals of same stratigraphic level is c. 600 m across a horizontal distance of only 9 km. [12, 23, 39, 72, 73, 78, 84, 90, 92] and this study. Stratigraphic chart after [99] . Base map © Norwegian Polar Institute An overview of Svalbard R r -data in Paech and Koch [50] indicates that thermal maturity of the Cretaceous and Paleogene rocks is a result of the thickness of overburden. The strata from both systems have a linked geothermal history, and it can thus be assumed that the coals from both Bohemanneset and Sylfjellet share the same thermal and burial history responsible for the final coalification.
These observations permit the following inferences about the interplay of burial (i.e., thermal) and structural history of the area: Vitrinite reflectance of the Paleogene strata at Sylfjellet is comparable to other areas of the CTB where maximum overburden has been estimated to at least 2 km ( [53] and references herein). This implies a burial of at least 2 km also for the Firkanten Formation at Sylfjellet, which is more than the stratigraphic thickness of the entire Van Mijenfjorden Group.
From different areas south of Isfjorden. a vertical R r gradient of 0.3-0.37%/km has been reported [41, 50, 53, 93] and can thus be assumed for the Sylfjellet area. If a thermal equilibrium would have been re-established after folding and thrusting, a vitrinite reflectance difference of 0.2-0.24% would be expected between Bohemanneset and Sylfjellet, and not 0.01-0.06% as measured.
Two conclusions can therefore be drawn based on the data: (1) maximum burial, accounting for more than 2 km overburden above the Todalen Member, predates folding and thrusting in this area, and (2) fast erosion of the folded and thrust overburden prevented the formation of a new, balanced geothermal gradient within the uppermost 3 km of the lithosphere.
Conclusions
Based on detailed structural mapping, sedimentological descriptions, as well as relative and absolute age analyses of strata exposed on the mountain of Sylfjellet, we conclude the following:
• Both micro-and macrofossil content and absolute dating of a tephra layer located at the base of the succession show that the summit region of Sylfjellet consists of Paleogene sedimentary rocks. The tephra layer yielded a 206 Pb/ 238 U age of 61.527 Ma which is earliest Selandian. • Based on the age data and sedimentological characteristics, the strata are hereby assigned to the Paleocene Firkanten, Basilika and Grumantbyen formations and therefore lithostratigraphically belong to the Van Mijenfjorden Group of the Central Tertiary Basin. The strata have previously been assigned to the Lower Cretaceous, but this assignment has been consequently rejected by this study. • The c. 250 m-thick succession is incorporated into the West Spitsbergen Fold-and-Thrust Belt and represents the fourth known structural outlier of the Van Mijenfjorden Group. The lower boundary directly overlies the Lower Cretaceous Helvetiafjellet Formation showing no evidence of tectonic deformation and is therefore argued to be a sedimentary contact. • Comparison and correlation to a regional extensive and age-equivalent tephra layer in the lower Firkanten Formation show a synchronous early Selandian paralic facies belt extending for 100 km in a north-south direction from the Svea area via Longyearbyen to Sylfjellet. The actual extent of the Paleocene depositional basin must have exceeded the preserved extent of the Central Tertiary Basin by far. • The investigated coal seams in the Firkanten Formation at Sylfjellet show both an in-seam random vitrinite reflectance (R r ) gradient, probably due to R r suppression caused by bitumen impregnation as described by Marshall et al. [53] . R r of the Firkanten Formation reflecting the thermal maturity on Sylfjellet is 0.62-0.67%, which is comparable to age-equivalent coals from Longyearben. • Coalification reflecting at least 2 km of burial predates folding and thrusting at Sylfjellet.
